Attempts in the application of x-ray microanalysis to biological specimens have been described. Interest has focused on the analysis of minerals in hard tissues such as calcium in bone, metals in pathological or experimentally intoxicated tissues and detection of an electron dense tracer or reaction product in histochemical preparations. However, data on elements in normal tissue at the electron microscope level is limited. In this communication the scanning transmission electron micrograph (STEM) of the horse thyroid gland is correlated with the distribution of several elements including iodine revealed by the energy dispersive x-ray microanalyzer.
The following data will show different amounts of iodine and other elements both in the lumen and in the intracellular granules.
It is, to our knowledge, the first application of this system to a large domestic animal and also the first presentation of direct evidence of organic iodine in the granules of the thyroid follicle cell.
Materials and Methods
Observations were made on follicular cells in the thyroid gland from three horses, 3 and 4 years of age, two males and one female. Small pieces of tissues were biopsied and fixed in a cold glutaraldehyde solution (3% in 0.1M cacodylate buffer at pH 7.4) and in 2% OsO4 buffered with 0.1M sodium cacodylate-HCl. Dehydrated through an ethanol series and embedded in an epon 812 mixture, semi-thin sections, x-ray microanalysis using transmission and scanning electron microscopes and an energy dispersive x-ray detector attached to the instrument. Scanning transmission electron micrographs (STEM) were first taken with an electron microscope operated at an accelerating voltage of 60kV and subsequent analysis was performed by focusing on the desired points or micro-areas. Total x-ray emission was recorded during
Results
Within the STEM of a portion of the thyroid follicle ( Fig. 1) , a large colloid droplet (CD), a small dark cytosome (C), the substance in the follicle lumen (L) and the bare embedding medium, epon, were selected for x-ray microanalysis. Figures 2 to 4 are the results obtained by point analysis over a colloid droplet (Fig. 2) , cytosome (Fig. 3) , and colloid in the follicle lumen (Fig. 4) . These x-ray spectra show that both types of intracellular granules contain chlorine, sulphur, and phosphorus. The substance in the lumen also contains chlorine and sulphur to a less extent but phosphorus is not discernible in it. Peak identifications are as folwas due to the epoxy but this element in some regions was significantly higher than in control points.
same regions as in Figure 1 was analyzed.
Integral counts within the peak window for iodine, between 3900EV and 4000EV, were 48, 44, 38 and 33 from the colloid droplet (Fig. 5) , cytosome (Fig. 6 ), luminal colloid (Fig. 7) and epoxy (Fig. 8) respectively. These counts are variable even under constant operating conditions of the instruments and the data obtained is not strictly quantitative but it does give a tentative indication as to the relative amounts of each element both in the granules and in the lumen.
Slightly higher counts than those presented here for the various elements were obtained in the follicular lumen and the intracellular granules of the mouse and hamster (unpublished data) but it was the general tendency that local concentration of these elements was higher in the granule than in the luminal substance. In addition to P, Cl, S and I, other elements such as K, Ca, Mn, Fe and occasionally Zn are detectable but the rather low counts against the background noise make it difficult to identify them. Light and electron microscopic appearance of the follicle cells examined here were quite normal. No significant difference between the three horses was detected by this procedure.
Discussion
Metabolism of iodine in the thyroid gland of different animals has been investigated with electron microscopic autoradiography (NADLER et al., 1964; SHELDON, MCKENZIE and VAN NIMWEGAN, 1964; STEIN and GROSS, 1964; IBRAHIM and BUDD, 1965; FUJITA, 1969; TIXIER-VIDAL et al., 1969) . These investigations suggest that thyroglobulin is iodinated predominantly in the follicular lumen in adult animals. On the other hand, the principal site of intracellular 125I activity has been ascribed to reabsorbed colloid droplets.
From experiments such as the microinjection of ferritin into single thyroid lumen (EKHOLM and SMEDS, 1966; SELJELID 1967a) , these droplets are believed to be absorbed from the follicle lumen. A fusion between cytosomes or lysosomes and these colloid droplets has also been suggested by electron microscopic observation (SELJELID, 1967b) .
In the thyroid gland of the rat and guinea pig it has been reported that chlorine localizes 11.5-17 mequiv/l in the cellular compartment and 42.5-115.0 mequiv/l in the lumen (CHOW et al., 1965) . These figures are the reverse of the tendency reported here. This discrepancy may be due to differences between overall concentration and the topographic localization. Results on the relative amounts of iodine either in the lumen or in the follicule cell appear to contradict what one would expect from the autoradiographic studies. Again it is possible that the concentration of a limited area of the lumen or a dark granule may not represent the radioactivity of the total area which is visualized in autoradiography.
However, the data presented here seems to confirm that the condensing of iodine in the follicle lumen is absorbed into the intracellular droplet and then is concentrated further in the lysosome. Apart from the protein bound iodine discussed here, the distribution of inorganic iodine remains to be determined, and this requires further advances in preparation such as frozen hydrated tissue sections for x-ray microanalysis (MORETON et al., 1974) . Fig. 5-8 . X-ray spectra from microarea analysis to compare the iodine content in the intracellular colloid droplet (Fig. 5) , cytosome (Fig. 6 ), luminal substance (Fig. 7) and in bare epoxy (Fig. 8 ). Microareas were
